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Abstract 
The bacteria of the soil usually called rhizobium have a considerable importance in agriculture because of their capacity to fix the 
atmospheric nitrogen in symbiosis with the plants of the family of legumes. The present work was study the effect of the salinity 
on growth and nodulation of alfalfa-rhizobia symbiosis at different agricultural experimental sites in Ouargla. The experiment 
was conducted in 3 steps which we were made. The first one was the isolation and characterization of the Rhizobia, next the 
evolution of the isolates tolerance to salinity at three levels of NaCl (6, 8,12 and 16 g/L), and the last step was the evolution the 
tolerance on symbiotic characteristics. The results showed that the phenotypic characterizations behave practically as Rhizobia 
spp, and the effects of salinity affect the symbiotic process. The tolerance to high levels of salinity and the  survival  and  
persistence  in  severe  and  harsh  desert  conditions  make  these  rhizobia  highly  valuable inoculums to improve productivity 
of the leguminous plants cultivated under extreme environments. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
   Legumes are very important both ecologically and agriculturally because they are responsible for a substantial 
part of the global Àux of nitrogen from atmospheric nitrogen N2 to ¿xed forms such as ammonia, nitrate, and 
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organic nitrogen [1]. Leguminous plants  through  their  symbiotic  relationship  with certain  gram-negative  soil  
bacteria,  collectively known  as  rhizobia help  to  fix  atmospheric nitrogen to obtaining nutrients from the plant 
and producing nitrogen in a process called biological nitrogen  fixation, or (BNF) [2]. Estimates are that the rhizobia 
symbioses with nearly 100 agriculturally important legumes contribute nearly half of the annual quantity of BNF 
entering soil ecosystems [3] and they provide an easy and inexpensive way to enhance soil fertility and agricultural 
productivity [4].   
  In arid and the semi arid zone, in particular around the endoergic basins of the Algerian Sahara (i.e. playa 
landscape), several environmental conditions are limiting factors to the growth and activity of the N2 -¿xing plants. 
These include the host symbiont compatibility and the physicochemical conditions of the soil [5]. A principle of 
limiting factors states that “the level of crop production can be no higher than that allowed by the maximum limiting 
factor [6,7]. 
   Salinity is a serious threat on agriculture in arid and semiarid regions which reduces the agricultural efficiency on 
several cultures. Symbiotic nitrogen fixation maybe adversely affected by saline environments [8,9]. There are an 
estimated 4 x 106 km2 of the world’s land surface can be categorized as having potential edaphic problems  
(i.e. saline  stress) [10,11]. Salinity may act as a water stress, which affects the photosynthetic rate, or may affect 
nodule metabolism directly [12]. Saline soils are generally deficient in nutrients and microbial activates and 
population is low [13]. However, is caused by the accumulation of soluble salts of calcium, magnesium and sodium, 
mostly as chlorides and sulphates [14]. The salinization is increasing in many areas of the world and causes major 
problems for the productivity of agricultural corps.  
This study examines the effect of salinity on the growth and survival of Rhizobium in culture on the symbiotic 
system of leguminous plants Medicago sativa and rhizobia, because these associations have the greatest quantitative 
impact on the nitrogen cycle. 
2. Materials and Methods  
2.1. Isolation of Root Nodulating Bacteria 
    Root nodules of Medicago sativa L, was used to isolate root nodulating bacterial strains were isolated. Plants were 
collected from different agricultural experimental sites of Ouragla (31°54’N, 5°18’E). After washing in tap water, 
the nodules were separated and surface sterilized in 0.01% HgCl for 5 minutes followed by washing in sterilized 
distilled water, the nodules were dipped in 70% ethyl alcohol for 3minutes, and after washing in sterilized distilled, 
were crushed with a sterilized glass rod in in a small aliquot of sterile water.  A small aliquot of the suspension was 
transferred on Congo red incorporated yeast extract mannitol (YAM) agar medium to obtain sparse and distinct 
colonies. The colonies were cultivated on the YEM medium enriched with Bromothymol Blue (BTB) which can be 
detected the production of an acid growth reaction [15].  At the end of incubated for 2-3 days at 28°C, macroscopic 
and microscopic observations were performed for grown colonies [16,17,18], in order to compare the phenotypic 
traits of the field isolates. 
2.2. Evaluation of the isolates tolerance to salinity 
  The ability of the Rhizobial isolates to withstand salinity was evaluated by their growing at different concentrations 
of NaCl salt (6, 8, 12 g/L) on YEM liquid medium with a control without salt.  
  Inocula of 7 (S1 to S7) strains were diluted and one ml of each diluted culture was added to tubes containing 9 ml 
YEB, by measuring the optical density at 600 nm every 2 h. The generation time (GT) was calculated from the 
logarithmic phase of growth. Initial cell density was 1 x 103 viable cells/ml. 
2.3. Effect of salinity on plant growth and nodulation (Symbiotic characteristics) 
  To estimate the infectivity and the effectiveness of Rhizobial spp inoculation under saline conditions, we using in 
this study 24 seeds of Medicago sativa were sown in plastic pots wish were later thinned to 4 per pot containing  
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7 Kg of sterile sand wish was made saline and was irrigated 1750 ml of nutrient culture solution Hoagland et Arnon 
(1938) containing NaCl salt (6, 8, 12 g/L). A non saline treatment was kept as control.  
  At the time of sowing, each strain from the different salinity treatments were grown on YEM broth to logarithmic 
(~10 cell/ml) with the same adjusted salinity NaCl salt.Then their inoculated to aseptic germinated seeds of 
Medicago sativa growing in pots (Three seedlings/pot) containing sterilized sand [20]. There were three replicates of 
each treatment which were completely randomized. Pots were daily irrigated with nutrient culture solution  
(50 ml/pot) to meet the evapotranspiration losses. 
  Plants tops were harvested 4 week after. Roots were separated from the sand and number and size of root nodules 
were recorded.   
3. Results and discussion 
3.1. Isolation of Root Nodulating Bacteria  
   After the analyses, seven (7) isolates purified showed the same colony characteristics, after 48 hours of incubation. 
The colonies were Gram Negative, milky white, translucent, glistening, and circular in shape, shiny, raised and       
2-5 mm in diameter. These colonies changed the colour of media containing BTB to yellow colour. During 
subculturing, bacterial isolates were purified and refrigerated in 2-5 °C. As shown in Figure. 1. 
  In the present study, strains of root nodulating bacteria were isolated from the root nodules of an important fodder 
legume (Medicago sativa), the pure isolates showed growth in three days and turned the yeast extract mannitol agar 
media containing  bromothymol  blue  to  yellow color showing  that  all  were  fast growers and acid producers [21] 
  The colonies were large (2-4 mm in diameter) mucilaginous, circular, glistening translucent or white and 
precipitated calcium glycerophosphate present in YEM agar [22,23]Microscopic examination revealed that the 
isolates were rod shaped and gram negative in nature [24, 25]. 
 
            a                                            b                                    c                                  d 
 
Fig. 1. (a, b) Morphological Characteristics, ( c ) Rhizobia grown on YMA media + Congo red, (d ) Rhizobia grown on YMA media + 
Bromothymol Blue (BTB) 
 
3.2. Evaluation of the isolates tolerance to salinity 
  All strains in this test are either present in small numbers or are totally absent at NaCl salinity 16g/L except the 
isolate S3 was showed 67%  on the same level of salinity NaCl (16g/L), and even showed stimulation for all strains  
(S1 to S7 )  at NaCl (6,8,12 g/L). However extreme condition suppresses the multiplication and growth of rhizobial 
strains but there are some strains which can tolerate high amounts of salt and survive [26,27]. 
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3.3. Effect of salinity on plant growth and nodulation (Symbiotic characteristics) 
  Tested isolates of Medicago sativa rhizobia showed a large diversity in their capacity to infect the host plant under 
saline conditions. Maximum reduction was observed at 16 g/L NaCl with All the of the strains except S3 , there was 
a gradual reduction in height of the plants as compared with the control, there was a decrease in the number of 
nodules (nİ18) [28], and a gradual reduction in size of the plants. The plants were taller and nodule numerous were 
observed with all of strains inoculated at treatment NaCl (6,8,12) g/L.                                               As shown in 
(Table. 1) and Fig. 2. 
                  Table 1. Effect of salinity on the number of nodules. 
Strains 
 
Number of nodules at different levels of salinity   
 6 g/L 8 g/L 12 g/L 16 g/L 
S1  13 9 4 0 
S2  10 9 7 0 
S3  14 10 6 3 
S4  11 3 8 0 
S5  9 2 3 0 
S6  6 2 2 0 
S7  10 6 2 0 
 
 
 a                                                                                 b                                                                              c 
 
 
Fig. 2. (a, b) Effect of NaCl salt at (8,12)g/L  on plant growth and nodulation with all of strains, ( c ) Effect of NaCl salt at (16)g/L  on plant 
growth and nodulation with isolate S3. 
 
  Subba R (1994) had observed a significant difference in the growth of different inoculated rhizobial strains on a 
salinized YMA medium and reported that rhizobial tolerance to salinity is more than their host plants [29]. 
 Subba R et al. (1999) and Zahran (1999) were reported that Rhizobial strains which were able to make an efficient 
symbiosis in high levels of salinity may not be necessarily originated from saline soils [1]. 
  Salinity has generally been reported to inhibit the process of nodulation and nitrogen fixation, the effects varying 
with the types and levels of salinity [4,11].  
  In our study smaller number and weight of nodule could be consequence of poor plant growth. In return Zahran 
(2001) reported that the collected isolates from saline soils are more successful to make root nodules in saline 
conditions [3].  
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4. Conclusion 
  Ouargla is often due to the presence of large quantities of salt, and the introduction of plants capable of surviving 
under these conditions (salt-tolerant plants) [30]. Plant production is limited in these arid and semi arid land area 
because of nitrogen deficit [31]. 
  The  results  from  this  study  showed that  the rhizobia isolated  from  the  desert soils are able to survive, grow 
and effectively nodulate their leguminous hosts even  at high salt concentrations. Although the strains isolated from 
the different agricultural experimental site showed fewer tolerance to salinity and were placed in completely 
sensitive groups. We hope more supplementary investigations would be conducted to introduce the superior strains 
to produce industrial and commercial biological fertilizer.       
                                                                                                                                                                                                      
Acknowledgements    
  This work was supported by the Laboratory of Ecosystem Protection in Arid and Semi-Arid zones for their 
assistance and support. We would like to thank the staff for facilitating the field studies. 
 
References  
 
[1] Zahran HH. Rhizobium-legume Symbiosis  and  Nitrogen  Fixation  under Severe  Conditions  and       
 in an  Arid  Climate. Microbiol Mol Biol Rev 1999;63: 968–989. 
[2] Herridge, D. F. M. B. Peoples and R. M. Boddey. Global inputs of biological nitrogen fixation to agricultural 
systems. Plant Soil 2008; 311:1–18. 
[3] Zahran HH .Condition for successful Rhizobium-Legume symbiosis saline environment.  
Biol.Fertil.Soils 2011;12, 73-80 
[4] D. K. Maheshwari. Roughley, J. (1970) Ann. Bot. 34: 631-646. Rovira, A. D.Harris, J. R. (1961)  
 Plant Soil 14: 199-213. Sahgal, M. & Johri, B. N. (2003) Curr 
[5] Daoud Y, Halitim A. Irrigation et salinisation au Sahara algérien. Sécheresse 1994 ;5:151-60 
[6] Gauri.L, Singh AK,  Bhatt RP, Pant S, Bedi MK, Naglot A. Characterization of  Rhizobium  isolated  from root 
nodules of  Trifolium alexandrinum. Journal of Agricultural Technology 2011;6:1705-23. 
[8] Kucuk C, Kivanc M, Kinaci E. Characterization of Rhizobium sp isolated from Bean. Turk J Biol 2006;30:127- 
132 
[9] Lakshmi Kumari MS, Subbarao NS. Root hair infection and nodulation Lucerne as influenced by salinity and 
alkalinity .Plant and soil 1984;40:261-268. 
[10] Lbernstein O .Effects of salinity on nodulation, nitrogen fixation and growth of Soybeans and  Alfalfa. Agro 
Jou 1976;58:201-203. 
[11] Sherren A, Ansari R, naqvi SSM, Soomaro AQ. Effect of salinity on Rhizobium species, nodulation                    
and growth of soybean. PaK j bot 1998;1:75-81 
[12] Singleton PW, Swaify SA, Bohlool BB. Effect of salinity on Rhizobium growth and  survival. Appl Environ 
Microbiol 1982;44:884-890. 
[13] Hussain M, Ashraf M, Saleem M, Hafeez FY. Isolation and Characterization of Rhizobial Strains From Alfalfa. 
Pak J Agri Sci 2002;39: 32-4.  
[14] Somasegaran P, Hoben HJ. Handbook for Rhizobia Methods in Legume Rhizobium Technology. Springer-
Verlag,New York:1994. 
[15] Vincent JM. A manual for the practical study of the root-nodule bacteria. Handbook:1982:5 
[16]  Somasegaran P, Hoben HJ. Handbook for Rhizobia Methods in Legume Rhizobium Technology. Springer-   
Verlag,New York:1994. 
[17] Kucuk C, Kivanc M, Kinaci E. Characterization of Rhizobium sp isolated from Bean. Turk J Biol 2006;30:138-
150 
[18] Vincent JM . Manual for the Practical Study of Root Nodule Bacteria. Blackwell, Oxford:1970. 
[20] Bhardwaj K.Survival and symbiotic characteristics of Rhizobium in saline alkaline soils. Plant  
and soil  1985; 43, 377-385 
 Sarah Sobti et al. /  Energy Procedia  74 ( 2015 )  1434 – 1439 1439
[21] Singleton PM. Ben Bohlool B. Effect of salinity on nodule formation by soybean. Plant Physiol 1984;74:72–76. 
[22] Graham PH, Parker CA. Diagnostic features in the characterization of root nodule bacteria of legumes. Plant 
Soil 1964;20:383-96 
[23] Bhardwaj KKR. Survival and symbiotic characteristics of Rhizobium in saline alkaline soils. Plant  and soil 
1985;43:377-85 
[24] Subba Rao N S, Lakshami-Kumarim., Magu S P.  Nodulation of lucerne Medicago Sativa L.)  Indian J.Agric. 
Sci 1972;42:384-386. 
[25] Lbernstein O .Effects of salinity on nodulation, nitrogen fixation and growth of Soybeans and  Alfalfa. Agro 
Jou 1976;58:201-203. 
[26] Zahran HH. Conditions  for  successful  Rhizobium-legume  symbiosis  in  saline  environments. Biology and 
Fertility of Soils 1999;12:73-80 
[27] Keneni, A. F. Assefa P. C. Prabu. Characterization of acid and salt-tolerant rhizobial strains isolated from faba 
bean fields of  Wollo,  Northern  Ethiopia.  J.  Agric.  Sci. Technol 2010; 12:365-376. 
[28] Ben Rebah F. Utilisation des boues d'épuration comme milieu de culture pour la production d'inoculum à base 
de Rhizobium. Thèse de doctorat, INRS-ETE, Université du Québec, Sainte-Foy, QC, Canada :2001 
[29] Subba Rao GV, Johnseng C ,Kumarrao J V DK, Jana MK. Response of the Pigeon pea Rhizobium  
     symbiosis to salinity stress: variation among Rhizobium strain in symbiotic ability. Biol and ferti 1999;9:49-53 
[30] Della A, Halitim A. Activités microbiologiques en conditions salines :  Cas de quelques sols salés de la région 
de Relizane (Algérie) . Agriculture 1992:1;335–40 
[31] Worrall VS, Roughly RJ .The effects of moisture stress on infection of trifolium subteerraneum L. by  
Rhizobium trifoli Dang 1976. J.Exp.Bot 27, 1233-1241. 
 
 
 
 
 
 
 
